1. Introduction
===============

In Peru, the HIV epidemic primarily affects men who have sex with men (MSM) and male-to-female transgender women.^\[[@R1]\]^ Recent data suggest that 12.4% of Peruvian MSM are infected with human immunodeficiency virus (HIV), with estimates as high as 22.3% in the city of Lima.^\[[@R1]\]^ Further, the HIV prevalence is estimated as high as 30.0% among transgender women.^\[[@R2]\]^ Due to HIV infections being concentrated among MSM and transgender women, it is crucial to strengthen HIV prevention, management, and care among these key population.

Frequent HIV testing with immediate linkage to care and access to treatment for those previously undiagnosed are pillars of the "treatment as prevention" and "test and treat" models.^\[[@R3]--[@R5]\]^ MSM and transgender women who are unaware of their HIV-infection are not only delaying their own access to antiretroviral therapy (ART), but are also more likely to unknowingly transmit HIV to uninfected sex partners.^\[[@R6]--[@R8]\]^

In the United States, the Centers for Disease Control and Prevention (CDC) and United States Preventive Services Task Force (USPSTF) have recommended at least annual HIV testing of MSM and quarterly testing as guided by clinical discretion.^\[[@R9],[@R10]\]^ Recent reports show that about 59% to 67% of MSM in the United States get tested at least annually with 37% to 44% testing even more frequently.^\[[@R11],[@R12]\]^ In contrast, the United Nations General Assembly Special Session (UNGASS) Declaration of Commitment in 2005 made recommendations for semiannual testing and counseling for MSM.^\[[@R1]\]^ The Peruvian National Ministry of Health (MoH) program\'s guideline on periodic medical check-ups recommends quarterly visits for MSM and transgender women, with opt-in HIV testing and counseling, but few MSM and transgender women test more than once yearly.^\[[@R1],[@R13],[@R14]\]^ A recent study showed only 6.2% of MSM and transgender women tested semi-annually in Lima.^\[[@R13]\]^ Low testing frequency results in a higher proportion of HIV infected individuals who are unaware of their HIV-infection status. Previous research has demonstrated that low testing frequency is correlated with low perceived HIV risk, limited access to testing services, fear of test results, unawareness of the availability of effective treatment, and perceived stigma associated with HIV and HIV testing.^\[[@R1],[@R13],[@R15]\]^

Surveillance studies of MSM and transgender women in Lima have suggested between 62.5% to 90.0% of HIV-infected individuals are unaware of their HIV status.^\[[@R6],[@R16],[@R17]\]^ In contrast, studies occurring at STI clinics, where HIV testing is often sought after or recommended, have found rates of HIV-serostatus unawareness \<30%.^\[[@R18],[@R19]\]^

Our study aimed to further characterize the socio-demographic factors, sexual risk behaviors, alcohol and drug use, syphilis history, and HIV testing history that were associated with previously undiagnosed HIV-infection among high-risk MSM and transgender women in Lima, Peru.

2. Methods
==========

2.1. Study population
---------------------

The study sample included MSM and transgender women aged 18-years or older who were recruited for a 2-year cohort study from 2 sexually transmitted infection (STI) clinics in Lima, Peru. Participants were eligible for participation in the study if they were considered to be at high-risk for HIV and STIs by reporting specific risky sexual behaviors and/or had a clinical history of syphilis, genital ulcerative disease, and/or HIV-infection. Detailed inclusion criteria for the study are described elsewhere.^\[[@R20]\]^ Written informed consent was obtained from subjects after explanation of the study. This study was approved by the Ethics Committee at Universidad Peruana Cayetano Heredia institutional review board (IRB no. 61522).

2.2. Instrument
---------------

Participant baseline characteristics were collected using a 139-question survey. Questions addressed social/environmental characteristics of participants, gender identification, sexual role (insertive anal sex, receptive anal sex, or both insertive and receptive anal sex), history of syphilis, knowledge of HIV, presumed HIV-infection status, frequency of HIV testing, date of last sexual encounter, number and type of sex partners in the past 3-months, and alcohol and drug use. The 10-item Alcohol Use Disorder Identification Test (AUDIT) was used to further characterize alcohol use.^\[[@R21]\]^ A score of 8 or above to define hazardous or harmful alcohol use was the cutoff used in our survey since this is the score at which the World Health Organization recommends intervening clinically.^\[[@R21]\]^ Participants were considered to have a recurrent sex partner if they reported that among their sex partners one or more were stable sex partners with whom they had engaged in sex multiple times over the past 3-months.

2.3. Laboratory analysis
------------------------

At enrollment, participants were tested for HIV-infection using a rapid HIV antibody test (Determine, Alere Inc., Waltham, MA, USA) and fourth generation enzyme immunoassay (EIA) (GenscreenTM ULTRA HIV Ag-Ab, Bio-Rad, France). Those with a reactive EIA and/or positive rapid HIV antibody test had a confirmatory western blot (WB) (NEW LAV BLOT I, Bio-Rad, France) that is required for entry into care in Peru.

2.4. Classification of subjects
-------------------------------

Participants were classified into 3 categories according to their self-reported HIV status and the results of HIV testing performed at the enrollment visit: (A) "HIV-uninfected" was defined as having a negative rapid test and nonreactive EIA; (B) "previously undiagnosed HIV-infected" was defined as having a positive rapid test and/or reactive EIA with confirmatory WB test as well as reporting that their last HIV test was negative or that they had never been tested; and (C) "previously diagnosed HIV-infected" was defined as having a positive rapid test and/or reactive EIA along with confirmatory WB test as well as reporting that their last HIV test was positive.

2.5. Statistical analysis
-------------------------

Participants who recorded responses to all variables of interest were included in the final analysis. Descriptive statistics were used to summarize the study population. Socio-demographic, health, and behavioral characteristics of study participants were stratified by HIV-infection and awareness status. Continuous variables were described by inter-quartile ranges (IQR) and medians. For each variable of interest, 2 bivariate analyses were performed (1) previously undiagnosed HIV-infected compared to HIV-uninfected MSM and transgender women (B vs A), and (2) previously undiagnosed HIV-infected compared to previously diagnosed HIV-infected MSM and transgender women (B vs C). Subanalyses were performed on HIV-uninfected and previously undiagnosed HIV-infected participants to identify variables associated with reporting an HIV testing interval of every 6 months or less. Pairwise chi-squared tests with Bonferroni correction were used to analyze the bivariate analyses. Corresponding to the bivariate analyses, multivariable analyses were conducted including variables found to have a *P* \< 0.10 in their respective bivariate analysis. Crude and adjusted odds ratios (aOR) with corresponding 95% confidence intervals (95%CI) were reported for the multivariable models. Statistical significance in the multivariable analyses was set at *P* \< 0.05 and variables that were not found to be significant were sequentially removed from the analysis until all variables had a *P* \< 0.05. Statistical analysis was conducted using STATA v13 (College Station, TX).

3. Results
==========

A total of 401 MSM and transgender women were enrolled in the study, of whom 378 (94.3%) had complete data on all variables of interest and were included in this analysis. Table [1](#T1){ref-type="table"} shows the characteristics of MSM and transgender women who were HIV-uninfected, previously undiagnosed HIV-infected, and previously diagnosed HIV-infected. The mean age of all participants was 31.6 years old. Overall 31.0% (117/378) of our study participants were HIV-infected. Among those who were HIV-infected, 35.0% (41/117) were previously undiagnosed HIV-infected at study enrollment.

###### 

Characteristics of men who have sex with men and transgender women by HIV-infection and awareness status in Lima, Peru.
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In the bivariate analysis comparing study participants who were previously undiagnosed HIV-infected and HIV-uninfected (B vs A), those with previously undiagnosed HIV-infection were more likely to have engaged in condomless receptive anal intercourse in the past 3-months (75.6%) than participants who were HIV-uninfected (58.6%) (*P* = 0.09). Also, HIV-uninfected participants were more likely to have had an HIV test within the past 6 months (41.8%) than previously undiagnosed HIV-infected participants (24.4%) (*P* \< 0.01). Among participants who were HIV-infected (B vs C), those who had attained a lower overall education level were more likely to be previously undiagnosed HIV-infected (63.4%) than previously diagnosed HIV-infected (38.2%) (*P* = 0.03). Condomless receptive anal intercourse in the past 3-months was reported more frequently by previously undiagnosed HIV-infected participants (75.6%) than those previously diagnosed HIV-infected (56.6%) (*P* = 0.10). Participants reporting a history of syphilis were more likely to be previously diagnosed HIV-infected (56.0%) than previously undiagnosed HIV-infected (29.3%) (*P* = 0.01).

Multivariable analysis among participants thought to be HIV-uninfected (B vs A) showed some differences between previously undiagnosed HIV-infected and HIV-uninfected MSM and transgender women (Table [2](#T2){ref-type="table"}A). Higher odds of having a previously undiagnosed HIV-infection rather than being HIV-uninfected were associated with: recent condomless anal intercourse (aOR = 2.43, 95%CI = 1.10--5.36) or having had a previous HIV test over 1-year ago rather than having been tested within the past 6-months (aOR = 2.87, 95%CI = 1.10--7.53).

###### 

\(A\) Multivariable logistic regression analysis of factors associated with having previously undiagnosed HIV-infection compared to being HIV-uninfected among men who have sex with men and transgender women in Lima, Peru.
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Multivariable analysis among HIV-infected participants (B vs C) also showed some differences between those with a previously undiagnosed HIV-infection and those with a previously diagnosed HIV-infection (Table [2](#T2){ref-type="table"}B). Among this group, having engaged in condomless receptive anal intercourse in the last 3-months was associated with 2.54 times higher odds of having a previously undiagnosed HIV-infection (95%CI = 1.04--6.23). Lower odds of having a previously undiagnosed HIV-infection rather than previously diagnosed HIV-infection were associated with: achieving some post-secondary education (aOR = 0.35, 95%CI = 0.15--0.81) or having had a history of a syphilis infection (aOR = 0.32, 95%CI = 0.14--0.75).

The subanalysis of MSM and transgender women who were HIV-uninfected and previously undiagnosed HIV-infected reporting an HIV testing interval of 6 months or less also revealed many correlates (Table [3](#T3){ref-type="table"}). In the bivariate analysis, more frequent testing was associated with higher overall education level (45.4%) than lower overall education level (34.7%) (*P* = 0.06) and always having income to support their basic needs (49.6%) than not being able to afford their basic needs at least 1 month in the past year (34.1%) (*P* \< 0.01). Frequent testing was also associated with identifying as a transgender woman (54.4%) than not as transgender (35.6%) (*P* \< 0.01). Participating in condomless insertive anal sex within the past 3 months was associated with less frequent testing (30.3%) than not participating in condomless insertive anal sex (50.0%) (*P* \< 0.01). Reporting a history of syphilis infection was associated with more frequent testing (56.3%) than not having had a prior syphilis infection (32.5%) (*P* \< 0.01). Finally, reporting a low self-perceived risk of acquiring HIV was associated more frequent testing (58.3%) than reporting moderate (30.3%) or high (38.4%) self-perceived risk of acquiring HIV (*P* \< 0.01).
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Characteristics of HIV-uninfected and previously undiagnosed HIV-infected MSM who reported testing at least every 6 months.
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Multivariable analysis of this subanalysis (Table [4](#T4){ref-type="table"}) found higher odds of reporting frequent testing among those with higher overall education attainment (aOR 1.94, 95%CI = 1.11--3.37), identifying as transgender women (aOR = 2.40, 95%CI = 1.23--4.70), or having a history of syphilis infection (aOR = 2.76, 95%CI = 1.62--4.71). Lower odds of reporting frequent testing were associated with recent condomless insertive anal sex (aOR = 0.56, 95%CI = 0.33--0.96) or having a moderate or high self-perceived risk of acquiring HIV compared to having a low self-perceived risk of acquiring HIV (aOR = 0.32, 95%CI = 0.18--0.59; aOR = 0.43, 95%CI = 0.21--0.86, respectively).

###### 

Multivariable logistic regression analysis of factors associated with reporting a testing frequency of at least every 6 months among HIV-uninfected and previously undiagnosed HIV-infected men who have sex with men and transgender women in Lima, Peru.
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4. Discussion
=============

We conducted a cross-sectional analysis of high-risk MSM and transgender women seeking STI services in Lima, Peru. Among those who were HIV-infected about one-third were previously undiagnosed at study enrollment. Correlates of previously undiagnosed HIV-infection were recent condomless receptive anal intercourse, infrequent HIV testing, lower education, and absence of prior syphilis infection. Many participants reported a testing frequency of at least every 6 months (40.1%) as recommended by the UNGASS Declaration of Commitment.^\[[@R1]\]^ Correlates of reporting an HIV testing frequency of at least every 6 months were associated with higher educational attainment, identifying as transgender, not reporting recent condomless insertive anal intercourse, having a prior syphilis diagnosis, and reporting a lower overall self-perceived risk of acquiring HIV.

Consistent with current literature on HIV prevalence and undiagnosed HIV-infection, our study revealed social, behavioral, and health factors associated with participants being unaware of their HIV serostatus.^\[[@R6],[@R8],[@R15],[@R22]--[@R25]\]^ Among HIV-infected MSM and transgender women in our study, 35.0% reported they had never been previously diagnosed. That proportion, lower than figures from surveillance studies (62.5--90%), is similar to figures reported in other studies in STI clinics (28.8--30.0%).^\[[@R6],[@R16]--[@R19]\]^ However, it is important to recognize that due to the inclusion criteria of our cohort study favoring MSM and transgender women at higher risk of HIV and syphilis, the estimation of undiagnosed HIV-infection may not be representative.

Our finding that at least semiannual testing was associated with higher HIV-awareness rates support the importance of strategies to increase frequent HIV testing. Even though up to quarterly testing is currently recommended by the Peruvian National HIV/STI Program, previous reports suggest few MSM and transgender women in Peru actually test that frequently.^\[[@R15]\]^ Others have suggested that decreasing stigmatization and improving access to HIV testing services are critical to increase testing.^\[[@R14],[@R15],[@R26]\]^ In the USA, where MSM are more aware of their HIV serostatus than in Peru, testing is more frequent and frequent testing has been shown to be cost-effective.^\[[@R24],[@R27]\]^ Additionally, consistent with the literature, our study found higher educational attainment was associated with participants knowing their HIV-infection status.^\[[@R11],[@R28]\]^ This suggests that strategies that encourage and facilitate frequent HIV testing among MSM and transgender women, particularly those with lower educational attainment, could be beneficial.^\[[@R28]\]^

A history of syphilis infection was also more common among previously diagnosed HIV-infected participants than previously undiagnosed HIV-infected participants. Our finding is consistent with current literature of factors associated with HIV-awareness.^\[[@R8]\]^ Syphilis infection may drive people to seek care earlier by causing a visible lesion requiring treatment, and STI care-seeking increases the likelihood of concomitant HIV testing.^\[[@R29],[@R30]\]^ Untreated syphilis infection has also been shown to increase susceptibility to acquiring HIV and may have been a major risk factor for infection among these participants.^\[[@R30]\]^ Other studies have shown an association between recent syphilis infection and HIV serostatus awareness. Those findings reinforce the need for integrated HIV testing services in STI treatment programs.^\[[@R31]\]^

HIV-uninfected and previously diagnosed HIV-infected participants reported less receptive condomless anal intercourse within the last 3 months than previously undiagnosed HIV-infected participants. In principle, this finding indicates more recent risk behavior and increased probability of recent infection. Additionally, HIV awareness has been well documented to reduce risky sexual behaviors.^\[[@R6],[@R23],[@R32]--[@R34]\]^ In 1 meta-analysis in the USA, authors demonstrated that HIV serostatus awareness reduced condomless anal intercourse among MSM by as much as 68%.^\[[@R33]\]^ Similarly, studies of HIV serostatus awareness in Colombia showed that being diagnosed HIV-infected decreased condomless anal intercourse and risky behaviors such as drug or alcohol use prior to intercourse.^\[[@R23]\]^ Therefore, raising serostatus awareness may reduce sexual risk behavior and subsequently reduce HIV transmission.^\[[@R23],[@R32]--[@R34]\]^

Infrequent HIV testing among those thought to be HIV-uninfected was associated with lower educational attainment, not identifying as transgender, recent condomless insertive anal intercourse, absence of prior syphilis diagnosis, and higher self-perceived risk of acquiring HIV. Similar to our finding that lower educational attainment is associated with previously undiagnosed HIV-infection, it was also associated with infrequent testing, reinforcing the need for directed interventions to increase HIV testing among this group.^\[[@R11],[@R28]\]^ Consistent with prior literature, individuals with prior syphilis history or identifying as transgender reported more frequent testing suggesting recognition of being at higher risk of acquiring HIV among these groups.^\[[@R13]\]^ Within our study, recent condomless insertive anal intercourse or higher self-perceived risk of acquiring HIV were correlated with lower overall testing frequency. This suggests, as previously demonstrated, that those at higher risk of acquiring HIV need more targeted interventions within and outside of STI testing centers to increase the number of frequent testers and subsequently decrease HIV transmission.^\[[@R3]--[@R6],[@R11],[@R15]\]^ Both opt-out models at STI clinics and social media innovations that normalize and promote frequent testing could prove beneficial in reaching these higher risk groups.^\[[@R35],[@R36]\]^

Considering that almost 50% of our study population reported having a recurrent sex partner within the last 3 months, additional interventions to support couples notification and services could have positive impact on HIV testing and uptake of prevention behaviors.^\[[@R37]\]^ Interventions to reach couples with prevention interventions and HIV treatment are important, especially in the context of high rates of HIV-infection and potential HIV sero-discordance.^\[[@R38]\]^ MSM and transgender women at high HIV risk in discordant relationships can benefit from pre-exposure antiretroviral prophylaxis.^\[[@R39],[@R40]\]^ Similarly, incentivized community programs allow an opportunity to create social engagement among MSM and transgender women supporting earlier and more frequent HIV testing.^\[[@R12]\]^

4.1. Limitations
----------------

Our study population was restricted to MSM and transgender women at higher risk for HIV and syphilis in Lima. As such, our findings may not be generalizable to the entire population of MSM and transgender women in Peru. We also did not analyze what individuals perceived as barriers to HIV testing or why they may not be aware of their HIV serostatus. Further work should be done to characterize what MSM and transgender women perceive as barriers to frequent testing. Since the answers to our survey were self-reported, our study may be subject to recall bias and social desirability bias, including underreporting of HIV-infection (i.e., some individuals who were aware of their HIV-infection may have preferred to report that they were uninfected, which may result in their misclassification as "previously undiagnosed HIV-infected"). We also recognize that our testing algorithm is unable to distinguish acute HIV infections from chronic HIV infections. Further work should be done to find correlates of acute HIV infection in order to create strategies that effectively prevent transmission.

5. Conclusions
==============

In conclusion, with improving serostatus awareness being central to HIV prevention and treatment efforts, our study adds understanding of undiagnosed HIV-infection among MSM and transgender women. Undiagnosed HIV-infections in these populations were associated with lower educational attainment and engaging in condomless receptive anal intercourse in the last 3-months. HIV-positive serostatus awareness was associated with having had an HIV test within the past 6-months and having had a previous syphilis infection. Infrequent testing was associated with lower educational attainment, not identifying as transgender, recent condomless insertive anal intercourse, absence of prior syphilis infection or having a higher self-perceived HIV risk. Our findings demonstrate there is continued need to prioritize strategies to promote condom use among MSM and transgender women and facilitate that a higher proportion of that population tests frequently, with a focus on those at risk for infrequent testing. Our findings also reinforce the importance of offering HIV testing to all individuals when they present for diagnosis or treatment of other STIs.

Abbreviations: 95%CI = 95% confidence interval, aOR = adjusted odds ratio, AUDIT = Alcohol Use Disorder Identification Test, CDC = Centers for Disease Control and Prevention, EIA = enzyme immunoassay, HIV = human immunodeficiency virus, IQR = inter-quartile ranges, MoH = Ministry of Health, MSM = men who have sex with men, STI = sexually transmitted infection, UNGASS = United Nations General Assembly Special Session, USPSTF = United States Preventive Services Task Force, WB = Western blot.
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